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Abstract 

Background: The possibility for isolating bovine mesenchymal multipotent cells (MSCs) from fetal adnexa is an interesting 
prospect because of the potential for these cells to be used for biotechnological applications. Bone marrow and adipose 
tissue are the most common sources of MSCs derived from adult animals. However, little knowledge exists about the 
characteristics of these progenitors cells in the bovine species. Traditionally most cell cultures are developed in two 
dimensional (2D) environments. In mammalian tissue, cells connect not only to each other, but also support structures called 
the extracellular matrix (ECM). The three-dimensional (3D) cultures may play a potential role in cell biotechnology, especially 
in tissue therapy. In this study, bovine-derived umbilical cord Wharton's jelly (UC-WJ) cells were isolated, characterized and 
maintained under 3D-free serum condition as an alternative of stem cell source for future cell banking. 

Results: Bovine-derived UC-WJ cells, collected individually from 5 different umbilical cords sources, were successfully cultured 
under serum-free conditions and were capable to support 60 consecutive passages using commercial Stemline® 
mesenchymal stem cells expansion medium. Moreover, the UC-WJ cells were differentiated into osteocytes, chondrocytes, 
adipocytes and neural-like cells and cultured separately. Additionally, the genes that are considered important embryonic, 
P0U5F1 and ITSNl, and mesenchymal cell markers, CDIOS^ CD29^ CD73^ and CD90^ in MSCs were also expressed in five 
bovine-derived UC-WJ cultures. Morphology of proliferating cells typically appeared fibroblast-like spindle shape presenting 
the same viability and number. These characteristics were not affected during passages. There were 60 chromosomes at the 
metaphase, with acrocentric morphology and intense telomerase activity. Moreover, the proliferative capacity of T cells in 
response to a mitogen stimulus was suppressed when bovine-derived UC-WJ cells was included in the culture which 
demonstrated the immunossupression profile typically observed among isolated mesenchymal cells from other species. After 
classified the UC-WJ cells as mesenchymal stromal phenotype the in vitro 3D cultures was performed using the AlgiMatrix® 
protocol. Based on the size of spheroids (283,07 |jm± 43,10 |jm) we found that three weeks of culture was the best period 
to growth the UC-WJ cells on 3D dimension. The initial cell density was measured and the best value was 1 .5 x 10^ cells/well. 
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Conclusions: We described for the first time tine isolation and cliaracterization of UC-WJ cells in a serum-free 
condition and maintenance of primitive mesenchymal phenotype. The culture was stable under 60 consecutive 
passages with no genetic abnormalities and proliferating ratios. Taken together all results, it was possible to 
demonstrate an easy way to isolate and culture of bovine-derived UC-WJ cells under 2D and 3D serum-free 
condition, from fetal adnexa with a great potential in cell therapy and biotechnology. 

Keywords: Wharton's jelly stem cells, Mesenchymal stromal cells. Differentiation, Immunomodulation 



Background 

Umbilical cord (UC) blood is currently used as a trans- 
plantable source of hematopoietic stem cells (HSCs) in 
humans, despite adult bone marrow representing the 
most common source of mesenchymal cells (MSCs) for 
clinical applications [1-4]. Recently, several groups have 
reported the isolation of adult SCs or mesenchymal stro- 
mal cells (MSCs) from human amniotic fluid, amniotic 
membrane and the umbilical cord [5]. Specifically, the 
MSCs have been isolated from umbilical cord, umbilical 
vein sub-endothelium, and the Wharton's jelly (WJ) [6]. 
Within the WJ layer, MSCs have been isolated from 
three relatively indistinct regions: the perivascular zone, 
the intravascular zone, and the subamnion area [6]. 
However, whether MSCs isolated from the different 
compartments of the UC represent different populations 
remains unknown [6]. 

The WJ cells are not derived from UC but from the 
cushioning matrix in between the umbilical blood ves- 
sels [7,8]. This cell population meets the criteria for 
stem cells in that they can self-renew and can be 
induced to differentiate into various ceU types [7]. 
Contrary to what has been observed for adult MSCs, 
WJ ceUs share several of the properties unique to 
fetal-derived MSCs. First, they have a greater expan- 
sion potential in vitro than adult MSCs [8]. Second, 
WJ ceUs express HLA-class I surface markers but do 
not express HLA-class II markers [9]. Besides, UC-WJ 
cells sharing common surface markers with bone mar- 
row MSCs, they also express low levels of transcrip- 
tion factors found in mouse and human embryonic 
stem cells [10]. These factors play a central role in 
the regulation of pluripotency and self- renewal. These 
factors include the POU (Pit/Oct/Unc) domain- containing 
protein Oct-4, Sox-2 and Nanog [9]. Indeed, it has 
been shown that WJCs are immune suppressive in 
mixed lymphocytes assays by inhibiting T-cell prolif- 
eration [2,7]. This is a desirable MSCs behavior to be 
use in ceU therapy. 

The MSCs population in Wharton's jelly of UC has 
properties that make it of interest. For example, it is sim- 
ple to harvest by non-invasive means, provides large 
number of cells without risk to the donor, could be 
expanded, genetically manipulated and differentiated 



in vitro [10-14]. Recently, MSCs were isolated from bo- 
vine umbilical cord blood for the first time [13], even 
though MSCs have been already isolated from sheep and 
horse [13,15-17]. The WJ-UC cell structure is embryonic 
in origin and it encloses the yolk sac, which is the source 
of primordial germ cells and the first hematopoietic stem 
cells [10]. 

Today, MSCs are usually expanded in vitro in culture 
media supplemented with fetal bovine serum (FBS), a 
highly variable and undefined component which is 
known to be an excellent additive for in vitro culturing 
of various cell types [18,19]. FBS is used in cell culture 
media as a supplement for robust undifferentiated MSC 
expansion, cell attachment, growth factors and vital 
nutrients. FBS contains xenogenic proteins, possibly in- 
ducing immunological responses and transmitting viral 
and prion diseases. It is also described the variability of 
lot-to-lot components [18,19]. 

The possibility of stem cell isolation for use in cell 
therapy motivates veterinary researchers to direct 
their studies towards new sources to obtain a rele- 
vant number of cells and to minimize risks for the 
donors and recipients [19]. In 2006, for the first time 
in veterinary medicine, Whartons jelly was obtained 
from porcine umbilical cord [15]. Because of the 
high potential of these ceUs to be subcultured and 
differentiated in vitro [18], they have generated great 
interest for their uses in ceU and gene therapy, clon- 
ing, virological and biotechnological studies. In vitro 
stem cell research is commonly carried out by cul- 
turing cells as monolayers using conventional tissue 
culture techniques. Growing cells on plastic dishes 
provides a simplified and adequate approach to 
studying the effects of isolated niche components on 
stem cell activity. In an attempt to recreate this com- 
plex microenvironment and for more comprehensive 
understanding of the conditions experienced by cells 
in the body, the use of three-dimensional (3D) cul- 
ture systems is gaining increasing attention [20]. 
Studies of the last years demonstrated that mimick- 
ing the components of the stem cell niche will facili- 
tated self-renewal and controlled differentiation 
ex vivo [21,22]. Further, the establishment of a sim- 
plified stem cell niche in vitro, aUows future works 
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to study physiological as well as pathophysiological 
mechanisms on the stem cell. 

The aim of this study was to isolate and propagate 
the bovine derived-UC-WJ cells collected from five 
pregnant calves by surgery procedure. Additionally, it 
was compared the characteristics in terms of growth 
kinetics, cell viability, telomerase activity, phenotype, 
plasticity and multipotency. This study highlights the 
possibility potential source of multipotent MSCs and 
may support many therapeutic and biotechnological 
roles in large animals. 

Results and discussion 

Isolation of bovine UC- WJ cells 

The WJ collected from five bovine UC were isolated based 
on the capacity of MSCs to adhere to a plastic surface, with- 
out the need for any enzymatic digestion, stripping of the 
cord vessels or dissection (Figure lA-C). The umbilical 
cords were sectioned into longitudinal segments (n = 5) to 
expose the WJ, and incisions were then made to the matrix 
with a sterile scalpel to expose a wider area of tissue for 
contact with the plastic surface (Figure IC). The segments 
were plated, and colonies of cells were observed with fibro- 
blastic morphology (Figure 2A). The cultures were contin- 
ued until cells reached subconfluence (Figure 2A, third 
picture). The cells were then expanded by successive pas- 
sages (P60) with no statistical differences among cultures. 
All five cultures were successful in producing viable cells at 
P60. The isolation of MSCs is based on the migratory and 
plastic adhesion capacities and normally show spindle 
shaped, plate adherent and able to be substantially subcul- 
tured in vitro. The bovine UC-WJ cells described in this 
study presented the same morphology for all 5 initial 



sources. To date, most groups have used an enzymatic 
treatment including several proteases, such as collagenase, 
hyaluronidase, or trypsin, which can be associated with or 
without a mechanical removal of the UC vessels [23-28]. 
However, it is well known that the drawback to this enzym- 
atic digestion is the over digestion of tissue, which may re- 
sult in diminished cellular viability, degradation of cellular 
surface receptors and altered cellular function [23]. The 
possibility of obtaining human MSCs from the umbilical 
cord matrix using nonenzymatic isolation has been recently 
established, however few reports describes this procedure 
for animal models [11,23]. This procedure diminishes the 
cell damage and increase cell viability which can explained 
the successful results obtained from five umbilical cords 
[11]. 

Serum-free media has already been used for human 
MSC expansion and has been shown to result in better 
cell proliferation, as compared to medium containing 
FBS [18]. However, it has been demonstrated species- 
dependent differences when this procedure was applied 
in adipose derived stem cells with non-affected differen- 
tiation capacity [19]. In this study, it was possible to cul- 
tivate UC-WJ cells from five different sources using a 
serum-free condition and reach 60 consecutive passages 
with isolated bovine stromal MSCs. 

Cell viability, CFU, karyotype and telomerase activity 
analysis 

After 15 days of culture, the first passage (PI) was 
performed, and from Pl-10, P15-20, P25-30, P35-40 and 
P45-60 the MTT and colonies forming units CFU assays 
were applied. At Pl-10, after 5 days of culture, 1.8 x 10^ cells 
/ ml were obtained. From PI to P60 the cell concentration 




Figure 1 Bovine umbilical cord. (A) Cut longitudinally with a scalpel (B) and after removal of the Wharton's jelly (C) from the intervascular (1) 
and the discarded intravascular fluid (2). Bars 500 |jm. 
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Figure 2 Photomicrographs of undifferentiated and differentiated bovine UC-WJ cells in culture, cell concentration, viability, molecular 
characterization. (A) spindle-shaped fibroblast-like appearance can be observed under phase contrast microscopy; (B) cell concentration (first 
column) and CFU (second column) expressed as number of cells per ml and number of colony forming units (CFU/ml); (C) viability of bovine- 
derived UC-WJ cells measured by based assay. Data are expressed as mean ± standard deviation (s.d.) of values; P0U5F1 and ITSNl expression 
in bovine-derived UC-WJ cells during cells passages. A typical profile of MSCs was exhibited at all passages, using the beta-actin gene as an 
internal control for reverse transcription-polymerase chain reaction. MW-molecular weight 1 kb plus. 



remained between 1.5 - 2.0 x 10^ cells / ml (Figure 2B). The 
CFU was not altered from PI to P60 with 800 CFUs 
counted on each plate (Figure 2B). To measure the viability 
of the bovine-derived UC-WJ cells in continuously cultured 
conditions, an MTT assay was applied. The only negative 
control that was used was the medium, and the results 
demonstrated that from PI to P60, the cells were in good 
quality utilizing the culture system applied in this study 
(Figure 2C). Additionally, a positive correlation (r = 0.98) 
was found between cell viability and its concentration for 
five studied cultures (p < 0.05). To verify the cell viability, 
an MTT assay was applied, and the results revealed good 
in vitro adaptation of these cells using any growth factor in 



addition to medium. Moreover, the percentage of living cells 
did not decrease when the passage number remained at a 
constant level. Previous studies in humans as well as one 
study reported to date in dogs describe the same culture 
condition for UC-WJ cells, however the FBS was added as 
supplement [18,25]. Until now, this is the first report on bo- 
vine UC-WJ cells growth under serum-free medium. 

The bovine UC-WJ cells had a normal karyotype after 
in vitro culture, which proves that the tissue culture proced- 
ure employed does not alter chromosomal organization 
(Figure 3 A and B). In addition, the activity of telomerase 
was verified (Figure 3C). This enzyme represents a reverse 
transcriptase that can elongate telomeric repeats and usually 
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Figure 3 Karyotype of bovine-derived UC-WJ cells. (A) Giemsa and (B) propidium iodide (PI) staining. Bovine cliromosomes at metapliase 
(2n = 60), reflecting acrocentric morphology. (C) Telomerase repeat amplification results. The first bar represent the samples, second represents 
negative control and the third the positive control. Data are expressed as mean ± standard deviation (s.d.) of values. 



is diminished after divisions, and this activity triggers cellu- 
lar senescence and apoptosis. Besides, it has been described 
the importance of telomerase activity in MSCs [18,25]. 
Germ cells, stem cells, continuous cells and cancer cells ex- 
press high levels of telomerase activity. This physiological 
mechanism maintains a stable telomere length with unlim- 
ited replication capacity revealed in MSCs isolated from 
dog foetal adnexa [25]. As expected, bovine UC-WJ cells 
expressed high levels of telomerase activity. To our know- 
ledge, this is the first study to report that bovine UC-WJ 
cells show telomerase activity and this phenomenon could 
explain the long term of cell culture (n = 5) observe in this 
study. 

Differentiation of bovine-derived UC- WJ cells 

Pluripotency was confirmed by the ability of bovine 
derived-UC-WJ cells to differentiate into osteocytes, 
chondrocytes, adipocytes and neuron-like cells for all 5 
bovine UC-WJ cells. Importantly, this suggests that 
bovine derived-UC-WJ cells are capable of differentiation 
into multiple germ layers, an essential characteristic also 



observed in porcines, dogs, horses, duck and avian spe- 
cies [15-17,24-27,29-33]. 

To ensure that the MSCs properties were maintained 
during all passages, RT-PCR was used to measure mesen- 
chymal and embryonic such as POU5F1 and ITSNl gene 
expression. All undifferentiated bovine-derived UC-WJ 
cells expressed both genes in all passages (Figure 2D). 

Undifferentiated cells were included in all analysis 
(Figure 4A). To study chondrogenic differentiation, the 
cells were fixed and stained with Safranin O at 21 days of 
induction. The presence of glycosaminoglycans was shown 
(Figure 4B) as red deposits. Osteogenic differentiation was 
detected by the matrix calcification shown by Alizarin red 
staining. For all samples from PI to P60, a mineralized 
matrix was formed after 20 days of induction (Figure 4C). 
The alkaline phosphatase activity for differentiated cells 
was intense (OD >0.9 measured at 405 nm) in contrast to 
undifferentiated cells (OD <0.1) (results not shown). This 
was observed at all passages. After induction, adipogenic 
differentiation of bovine- derived UC-WJ cells was observ- 
able between 10-15 days. The cells contained a high 
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Figure 4 Photomicrographs representative of the morphological appearance of chondrogenic, osteogenic and adipogenic differentiation of 
bovine-derived UC-WJ cells at P40. For each differentiation protocol, undifferentiated cells were kept as controls (D, E, F). A) Presence of calcium 
mineralization after 20 d of induction Alizarin Red staining; B) Presence of acidic proteoglycans were observed after 1 week of chondrogenic differentiation 
by Safranin 0 staining; C); adipogenic differentiation after 15 d showing lipid droplets stained with Oil Red (scale bar: 20 jjm) (D); after neurogenic 
induction of 2 week a neuronal-like morphology was visible under immunofluorescence microscopy positive N200 cell marker 
(E) (scale bar: 20 Mm). 



number of very small lipid vacuoles that stained positively 
using Oil Red solution (Figure 4D). The evidence of lipid 
vacuoles was frequently observed at PI -30, but less so from 
P30-40 (data not shown). The neurogenic induction oc- 
curred after 48 h when spindle-shaped cells began to con- 
tract and became to irregularly shaped (Figure 4E). After 
1 week of induction, all UC-WJ cells in all passages 
expressed N200 (Figure 4E); however, the undifferentiated 
cells were negative for N200 (Figure 4F). Bovine derived- 
UC-WJ cells exhibited a typical MSG phenotype, with a 
gene expression profile that includes the expression of em- 
bryonic and mesenchymal cell markers at all cell passages. 
In mammals, embryonic markers are commonly expressed 
in pluripotent stem cells such as embryonic and induced 
MSCs and regulate self-renewal and pluripotency [9,15]. 
An important property to evaluate in stem cells to assess 
their usefulness in allogenic regenerative medicine is the 
expression of markers related to their immunogenicity 
[7,8]. The inhibition of T-cell proliferation in response to 
mitogens was observed. Future work includes studies to 
determine the capacity of bovine derived-UCWJ cells in re- 
generate damage tissues as already performed in horses 
[24,26]. 

Expression of MSG markers on cell surface and 
suppression of T-cell proliferation 

The density plot expressed the isotype negative control 
of flow cytometric analysis generates the histogram of 
negative control applied in all measures (Figure 5A and 



B). The expression patterns by immunophenotyping un- 
differentiated UC-WJ cells revealed cells positive for 
CD105, CD29, CD73 and CD90 MSCs markers (Figure 5 
II C, G and H) and negative for CD45 and CD34. Both 
CD45 and CD34 are considered hematopoietic surface 
markers that were not expected to be expressed in 
UC-WJ cells as confirmed in the present study. To con- 
firm the neurogenic potential of UC-WJ cells in this 
study, we measured the expression of CXCR4, SNAP-25, 
along with the neuronal cell markers N200 and GFAP. 
There were positive rates in N200 and CXR4, 70-90% 
(Figure 5 II A and B). However, fewer numbers of cells 
(20%) were positive for GFAP and SNAP-25 cell markers 
(Figure 5 II E and F). These results were repeated for all 
passages in this study. Last, we assessed the ability of bo- 
vine-derived UC-WJ cells to inhibit T-cell proliferation 
in response to mitogens. The addition of UC-WJ cells to 
blood monocytes stimulated with ConA or PMA/iono- 
mycin inhibited their proliferation less than 20% in 
comparison to no addition of UC-WJ cells 89% of prolif- 
eration. This indicates that UC-WJs also exert immuno- 
suppressive effects on bovine T-cells. 

Contamination of UC-WJ cells with hematopoietic SCs 
is a concern when cells are isolated from tissues contain- 
ing clotted blood [4,5,7,11]. Because bovine UC-WJ cells 
did not expressed both CD45^ and CD36"^, which are 
considered to be a common leukocyte antigen and plate- 
let collagen receptor, are expressed in hematopoietic pro- 
genitors, they may be all considered mesenchymal origin. 
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Figure 5 Flow cytometric analyses of surface marker expression and neuronal induction in bovine-derived UC-WJ cells. A).The data of 
negative isotype control and respective surface markers for mesencliymal stromal cells are shown by histogram. B) The data shown are the 
representative cell phenotype after neuronal induction. The data was processed by Attune™ acoustic focusing cytometer and excluded auto- 
fluorescence as a global compensation tool (< 10^). Y-axis represents log scale; C) After neurogenic induction of 2 week a neuronal-like 
morphology was visible under immunofluorescence microscopy positive N200, CXR4, GFAP and SNAP-25 cell markers (scale bar: 20 |jm). 



UC-WJ in vitro 3D culture system 

Based on the size of spheroids recommended by 
manufacture's (± 300 \im) we found out that 1x10^ 
cells/well and three week of observation was sufficient 
to produce 20 (± 4) spheroids/ well with size of 



284,12 [im (± 40,21) as shown in Figure 6B. This is 
the first report describing the UC-WJ derived from 
bovine cultured in 3D system. The advantage of Algi- 
Matrix® system is based mainly on biocompatibility 
and easy manipulation. 
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Significant alterations in cell behavior have been identi- 
fied, when they are grown in 3D compared to 2D condi- 
tions; including changes in cell morphology, difierentiation 
capacity, replicative ability, cell signaling, as well as signifi- 
cant increases in their therapeutic potential [21]. However, 
in veterinary stem cell therapy this condition has not been 
evaluated. The successfial 3D culture in this study open new 
perspectives in MSCs studies involving animal model. How- 
ever, fiarther studies are still necessary to understand the 
mechanisms of cell-to-cell interactions, matrix remodeling 
and proliferation of animal MSCs cultured under 3D 
serum-free condition. 

Conclusions 

This study provides a simplified isolation and charac- 
terization procedure for MSCs from Wharton s jelly of the 
bovine umbilical cord and suggests that these cells have the 
potential to be a resource for isolating stem cells to be used 
for cloning, virological and biotechnological studies in veter- 
inary medicine. Further studies are undergoing in order to 
establish a serum free and 3D culture media to support 
bovine-derived UC-WJ cells maintenance and evaluate their 
application on cell therapy and biotechnology. 

Methods 

Isolation of MSCs from WJ from bovine UC 

Umbilical cords (UCs) were obtained from Nelore calves 
(n = 5) that had been reproduced by artificial insemination, 
kept in the same environment and delivered by cesarean 
section after a gestational age of 36-38 wk. Cesarean sec- 
tions were performed because the cows presented dystocia 
by approaching from the flank ipsilateral to the pregnant 
corn. UCs were collected according to the Animal Care 
Committee at University of Sao Paulo State, Brazil, and 
they were conserved at room temperature in sterile phos- 
phate buffered saline (PBS) supplemented with a penicillin/ 
streptomycin solution containing penicillin 100 (ig/ml, 
streptomycin 10 (ig/ml and amphotericin B 250 (ig/ml 
(Sigma- Aldrich, St Louis, MO, USA) until use (within 3 h). 
The umbilical cord segments (5-12 cm) were sectioned 
longitudinally to expose the WJ after 3 h (Figure lA, B and 
C). Some incisions were made on the matrix with a sterile 
scalpel to expose a wider tissue area for plastic contact [6]. 
The cord sections were then transferred to 25 cm^ tissue 
culture flasks {TPP®, Zollstr, SW) and plated for 5 d in 
Stemline® Mesenchymal stem cell expansion medium 
(Sigma- Aldrich) and 2 mM L-glutamine (Glutamax®, Invi- 
trogen®. Grand Island, NY, USA), and then they were 
incubated at 38.5°C in 5% CO2 in a humidifled incubator. 
The medium was refreshed every 24 h, and pictures were 
taken to observe the morphology in five days interval 
(Figure 2A). The cells of passage (P) 1-10, P15-20, P25-30, 
P35-40 and P45-60 were harvested and replated on 24-well 
plates at the same cell density. Culture medium was 



changed every four days for cell growth dynamical analysis, 
and then growth curves of different passages were drawn. 

The cells line (n = 5) were then expanded until they 
reached subconfluence (80-90%; Figure 2A, third 
picture), at which time they were harvested by detach- 
ment after a 5 min incubation period with 0.25% trypsin 
(Invitrogen®). They were then replated into culture 
flasks at a 1:5 split ratio. For passaging, 1 x 10^ cells were 
replated in 25 cm^ flasks in the same condition as in the 
culture, and the cells were analyzed for their capacity for 
viability, differentiation, phenotype, and karyotype as well 
as for culture behavior. Cells passaged until P40 were 
considered to be a lineage of bovine-derived UC-WJ 
cells. 

Colony-forming assay and viability MTT test 

To obtain the number of bovine-derived UC-WJ pro- 
genitors, cells were evaluated from Pl-10, P15-20, P25- 
30, P35-40 and P45-60 for their colony forming unit cap- 
acity. Briefly, 1 x 10^ cells were plated in a 10 cm^ Petri 
dish in the same medium plus 2 mM of L-glutamine; they 
were then incubated at 38.5°C in 5% CO2 in a humidifled 
incubator. After 20 d the medium was discarded, and the 
adherent cells were stained with 1% crystal violet for 
10 min. Plates were rinsed, and colonies of more than 50 
cells were scored using an inverted microscope (Olympus 
IX 70, Tokyo, Japan). 

Cell proliferation analysis was performed using the In 
Vitro Toxicology Assay® Kit, MTT-based assay (TOXI-1 
Kit; Sigma-Aldrich®). After culturing for 3 d in 2 ml of 
culture medium (which is described previously), the MTT 
(tetrazolium salts) was measured following the manufac- 
turers recommendations. Absorbance was measured at 
600 nm with a Biophotometer (Eppendorf^, Hamburg, 
Germany). All reported values are means of triplicated 
samples. 

Reverse transcriptase polymerase chain reaction (RT-PCR) 

Cell RNA was isolated from bovine-derived UC-WJ cells 
(Pl-10, P15 -20, P25-30 and P35-40) using TRIzol 
(Invitrogen®). RNA concentrations were measured by 
absorbance at 260 nm with Biophotometer (Eppendorf"), 
and 2 (ig total RNA was used for the reverse transcrip- 
tion reaction using Superscript II reverse transcriptase 
(Invitrogen®). The cDNA was amplified using Taq 



Table 1 Primers used for RT-PCR 


Genes 


Primer sequences (5' to 3 ) 


Size (bp) 


Bov- beta 
actin 


AGGAAGGAAGGCTGGAAGAG (forward) 
GAAATCGTCCGTGACATCAA (reverse) 


126 


P0U5F1 


ACCCAGGCTGATGTGGGGCTC (forward) 
TGTGGCTAAmGCTGCAGGGTG (reverse) 


300 


ITSNl 


ATGCAGTCAAGmACCACAG (forward) 
TGACTGAGGAACAGCCCACTCTGC (reverse) 


128 
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Platinum High Fidelity (Invitrogen®). The primers used 
were designed according to the GenBank data base 
(Table 1). The RNA templates were amplified at 33 to 45 
cycles of 94°C (30 s), 58°C to 61°C (30 s), 72°C (1 min), 
followed by amplification at 72°C for 10 min. PGR pro- 
ducts were visualized with ethidium bromide in a 12% 
agarose gel 

Karyotyping and telomerase activity 

Karyotype analysis of bovine-derived UG-WJ cells at Pl- 
10, P15-20, P25-30, P35-40 and P45-60 was performed 
according to the standard procedure [9]. Briefly, the cell 
line was processed with colcemid (Sigma-Aldrich®) at 
1 (ig/ml in culture medium for 2 h followed by three 
washes in a fixative (3 methanols acetic acid). Gells that 
were under metaphase stage were submitted to KGL 
(3 M) and then spread onto slides for Giemsa and propi- 
dium iodide (PI) staining. Morphology was analyzed and 
chromosomes were counted and compared to the stand- 
ard Bos indicus karyotype pattern. 

A TRAPeze® Telomerase Detection Kit (Millipore™, 
GA, USA) was used to assess the telomerase activity for 
samples by measuring the capacity of the extracted en- 
zyme to perform the amplification of the target telomeric 
repeat sequences (TS). This reaction was measured 
through a UV (280 nm) excitation filter in a Biophot- 
ometer (Eppendorf®). The positive control was made up 
of MDBK (Madin-Darby bovine kidney) cells maintained 
in our laboratory, and the negative control was the ex- 
tract of the same cells that were incubated at 85°G for 
10 min prior to inactivate the telomerase enzyme. The 
samples were considered positive when optical density 
(OD) was > 0.2 and were negative when OD was < 0.2. 

In vitro multilineage differentiation assay 

The differentiation potential of bovine-derived UG-WJ 
cells was examined using cells at Pl-10, P15-20, P25-30, 
P35-40 and P45-60. Adipogenic, ostegenic and chondro- 
genic differentiations were performed according to man- 
ufacturers instructions (STEMPRO® differentiation 
medium, Invitrogen®). The neurogenic differentiation 
was adapted from previously studies [4]. For the differen- 
tiation procedure cells were plated at 1 x 10^ cells / ml 
in 6-well culture plate (TPP®) under the same culture 
conditions described above. After seeding for 48 h, 
medium was replaced with osteogenic STEMPRO® 
medium (Invitrogen®) (2 ml / well), and every four days 
the medium was replaced with fresh medium. After 
20 days of differentiation, the cells were fixed with 4% of 
paraformaldehyde (Sigma-Aldrich®), and calcium 
mineralization was assessed by Alizarin Red staining 
(Sigma-Aldrich®). In this procedure alkaline phosphatase 
activity was also measured by p-nitrophenyl phosphatase 
(p-NPP) substrate reactions using ALP™ assay reagents 



(Sigma-Aldrich®). In brief, cells were washed twice with 
2 ml of PBS with 0.2% Triton X-100 by shaking for 
20 min. Then, the cell layers were incubated with 500 (il 
of substrate (10 mM p-NPP, 1 mM MgGl2) for 30 min at 
37°G. The reaction was stopped by adding 100 \A NaOH 
1 mmol. The p-NNP formed was measured using a 
microplate reader with a 405 nm filter (Multiskan®, Lab- 
systems, NY, USA). 

For adipogenic differentiation, 1 x 10^ cells / ml were 
plated in the same way described for adipogenic differenti- 
ation. The cultured medium was changed to 2 ml of 
STEMPRO® adipo genie differentiation medium, which 
was replaced every 24 h. After 15 days of differentiation, 
the cells were fixed with 4% of paraformaldehyde and 
stained with Oil Red solution (0.3% of Oil Red powder dis- 
solved in 60% of isopropanolol) for 10 min (Sigma- 
Aldrich®). Thereafter, cells were washed with 60% 
isopropanolol. The induction of adipogenic differentiation 
was apparent by intracellular the accumulation of lipid- 
rich vacuoles that were stained with Oil Red. 

To induce chondrogenic differentiation, similar culture 
conditions were followed as described for adipogenic and 
osteogenic induction. However, 3 x 10^ cells / ml were 
seeded, and the STEMPRO® differentiation medium was 
supplemented with 100 \A of chondrogenic inducer (Invitro- 
gen®). The cells were kept under this condition for one 
week, replacing medium every 24 h. The cells were fixed 
with 4% paraformaldehyde and stained with Safranin O to 
stain glycosaminoglycans (Sigma-Aldrich®). 

The differentiation of bovine-derived UG-WJ cells into 
neural-like cells followed the procedure described above 
but with some modifications [34,35]. The cells were cul- 
tured as described above at a concentration of 3 x 10^ 
cells / ml. The induction was performed by replacing the 
cultured medium with Neurobasal^"^ medium plus B-27 
and neural supplement (Invitrogen®), 20 % FBS (Sigma- 
Aldrich®) and 3 (iM of p-mercaptoethanol (Sigma- 
Aldrich®). The medium was replaced each 24 h over the 
course of 14 days. 

Immunocytochemistry 

Gell staining was performed using the primary monoclonal 
antibodies described in Table 2. Gells were fixed with 4% of 
paraformaldehyde for 15 min after 48 h of culturing in Lab- 
Tek® chamber slides (Nunc^"", Rochester, NY, USA). The 
cells were permeabilized for 10 min at room temperature in 
0.4% Triton X-100 diluted in PBS. The cells were incubated 
overnight with primary antibodies at 4°G. After three 
washes, the cells were incubated with secondary antibody 
rabbit anti-mouse FITG (Sigma-Aldrich®) at a 1:100 dilu- 
tion. For nuclear staining, DAPI (1 mg / ml) was diluted in 
PBS and loaded onto samples for 15 min. The images were 
collected under an Axiolmager® A.l light and a ultraviolet 
microscope connected to AxioGam® MRc (Garl Zeiss, 
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Table 2 Specifications of the primary antibodies used for 
flowcytometer (FC) and immunocytochemistry (IC) 





Antibody 


Dilution 


Species 


Supplier 






FC 


IC 






CD34 


Hematopoetic 
percurssor cells 
and MSCs 


1:50 


1:100 


Mouse 


Sigma-Aldrich® 


CD45 


Anti-bone marrow 

lyi 1 ipi lUlU Lcllb 


1:50 


1:100 


Mouse 


Sigma-Aldrich® 




Cellular receptor 
for hyaluronic 
acid reactive 
with bone 
marrow 
nucleated 
cells 


1 :30 


1 :50 


Mouse 


Sigma-Aldrich 


CD90 


Anti-THvl 
/\i 1 LI II 1 y 1 

antigen 


1:30 


1:50 


K/lni KP 


Sinm^-AIHrirl^® 


CD105 


Anti-endoglin 


1:50 


1:25 


Mouse 


Sigma-Aldrich® 


CD29 


Anti-integrin (31 


1:50 


1:25 


Mouse 


Sigma-Aldrich® 


CD73 


Anti-nucleotidase 


1:25 


1:25 


Mouse 


Sigma-Aldrich® 


Anti- 
Vimentin 


Anti-vimentin 
clone V9 


1:50 


1:500 


Mouse 


Sigma-Aldrich® 


Anti- 

cytokeratin 


Anti-Pan 
cytokeratin 
clone PCK-26 


1:100 


1:100 


Mouse 


Sigma-Aldrich® 


GFAP 


Glial fribrillary 
acidic protein 


1:50 


1:500 


Mouse 


Dako® 


CXR4 


CXC chemokine 
receptor 4 


1:50 


1:150 


Mouse 


Calbiochem® 


SNAP-25 


Synaptosomal- 
associated 25 
kDa protein 


1:50 


1:100 


Mouse 


Prestige 
Antibodies™ 


Anti-N200 


Meurofilament 
200 Kda 


1:100 


1:100 


Mouse 


Sigma-Aldrich® 



Oberkochen, Germany). Images were processed using Axio- 
Vision® 4.8 software (Carl Zeiss). 

Flow cytometry 

Next, 1 X 10^ cells were harvested after detachment with 
0.25% trypsin (Sigma-Aldrich®), washed in PBS and 
incubated for 18 h at 4°C with the same monoclonal 
antibodies described for immunocytochemistry (Table 2). 
After incubation with primary antibodies, the cells were 
washed three times with PBS plus 0.1% Triton X-100. 
Next, a 1:50 dilution of the secondary antibody was 
added tolOO \i\ of cell suspension, and was then incu- 
bated at 37°C for 30 min. The cell suspension was 
washed as previously described, and after the final wash, 
the cells were fixed with 4% paraformaldehyde. Data 
were acquired with the Attune^"^ acoustic focusing 
cytometer system (Applied Biosystems®, Foster City, 
CA, USA). The negative pattern was examined by 
applying the same cell suspension with the first incuba- 
tion, and the result was included on the global 



compensation to exclude the auto fluorescence. A BLl-A 
(488 nm) filter was used in each analysis. 

T-cell proliferation assay 

Bovine blood was prepared by centrifugation over Ficoll- 
Hypaque gradient (Sigma-Aldrich®). The cells were 
suspended in triplicate in 100 [iL RPMI 1640 medium sup- 
plemented with 5% FBS, 2 mM L-glutamine (Invitrogen®), 
0,1 mg / ml streptomycin, and 100 U/ml penicillin G 
(Invitrogen®) in 96-well plate in the presence or absence 
of bovive derived UC-WJ cells. The cultures were stimu- 
lated or unstimulated with mitogen (ConA or Phorbol 12- 
myristate 13-acetate (PMA) and ionomycin) and incubated 
for 48 h at 38.5°C. The cells were pulsed with [^H] thymi- 
dine during the last 5 h of incubation. Lymphoproliferation 
was measured as counts per minute by a Matrix9600 
beta counter (Packard Instrument Co., Meridien, CT). All 
experiments were performed in triplicate. The ConA was 
used at 5 (ig/ml, PMA and ionomycin at concentration of 
50 ng/ml and 1 (ig/ml, respectively (Sigma-Aldrich®). 

Development and optimization of in vitro 3D culture 
model 

It was performed the 3D culture of UC-WJ cells in a 6- 
weel culture plates at three different concentrations 
0.5 X 10^, 1 X 10^ and 1.5 x 10^ cells/well in order to deter- 
mine the optimal incubation density. The 3D cultures 
were daily observed during 28 days. Brief, 2 ml of UC-WJ 
cells suspensions containing firming buffer was added to 
the AlgiMatrix® (Invitrogen) 3D 6- well culture plates. 
After 5 min, 5 ml of Stemline® mesenchymal stem cell ex- 
pansion medium was added to each well and incubated at 
38.5 °C at 5% of CO2 in a humidified incubator. A fresh 
medium was added daily. The growth of cell spheroids 
was assessed by observing the respective size for each trip- 
licate of cell suspension. The pictures were taken using an 
inverted microscope IX 70 (Olympus, Tokyo, Japan) and 
the size and number of spheroids measured using AxioVi- 
sion® 4.8 software (Carl Zeiss). 

Statistical analysis 

All statistical analyses were performed using SAS 9.1.2 soft- 
ware package (SAS Institute, Inc.). Data are presented as 
mean ± SD. Three replicates for each experiment were per- 
formed and the results represent these replicates. One-way 
analysis of variance (ANOVA) for multiple comparisons or 
two tailed student ^-test, whenever applicable, was used. A 
level of P <0.05 was accepted as significant. 

Authors' contributions 

TCC, HFF and AFG participated in the design of the study, performed the cell 
culture in all steps, flow cytometric analysis and 3D culture. JBN, CSF and 
MCF participated the cow surgery and preparation of respective umbilical 
cords. ALA and RG participated also in the design of the study, performed 
the statistical analysis and drafted the manuscript. All authors read and 
approved the final manuscript. 



Cardoso et a I. BMC Biotechnology 201 2, 1 2:1 8 
http://www.biomedcentral.eom/1 472-6750/1 2/1 8 



Page 11 of 1 1 



Acknowledgements 

This work was supported by FAPESP (Grar^ts 2009/17635-3 ar^d 2010/50782-7). 
The authors are grateful for the dor^atior^ of the bovir^e umbilical cords. 
T C Cardoso (310485/2009-6) is recipier^t of CNPq (Braziliar^ Council for 
Research). 

Author details 

laboratory of Ar^imal Virology ar^d Cell Culture, UNESP - Ur^iversity of Sao 
Paulo State, Aragatuba, Sao Paulo 16050-680, Brazil. ^Veterir^ary Hospital 
Surgery Service, Faculty of Veterir^ary Medicir^e, UNESP - Ur^iversity of Sao 
Paulo State, Aragatuba, Sao Paulo 16050-680, Brazil. 

Received: 28 December 201 1 Accepted: 12 April 2012 
Published: 4 May 2012 



References 

1. Malgieri A, Kantzarri E, Patrizi MP, Gambardella S: Bone marrow and 
umbilical cord blood human mesenchymal stem cells: state of the art. Int 
J Clin Exp Med 2010, 3(4):248-269. 

2. Francese R, Fiorina P: Immunological and regenerative properties of cord 
blood stem cells. Clinical Immunol 2010, 136(3):309-322. 

3. Kadam SS, Tiwari S, Bhonde RR: Simultaneous isolation of vascular 
endothelial cells and mesenchymal stem cells from the human umbilical 
cord. In vitro Cell Dev Biol Animal 2009, 45(l-2):23-27. 

4. Conconi MT, Di Liddo R, Tommasini M, Calore C, Parnigotto PP: Phenotype 
and differentiation potential of stromal populations obtained from 
various zones of human umbilical cord: An overview. The Open Tissue Eng 
Regen A/lec/ J 201 1, 4:6-20. 

5. Kita K, Gauglitz GG, Phan JT, Herndon DN, Jeschke MG: Isolation and 
characterization of mesenchymal stem cells from the sub-amniotic human 
umbilical cord lining membrane. Stem Cells and Dev 2010, 19(4):49 1-501. 

6. Weiss ML, Troyer DL: Stem cells in the umbilical cord. Stem Cells Rev 2006, 
2(2):155-162. 

7. Anzalone R, Lo lacono M, Corrao S, Magno F, Loria T, Cappello F, Zummo G, 
Farina F, La Rocca G: New emerging potentials for human Wharton's jelly 
mesenchymal stem cells: Immunological features and hepatocyte-like 
differentiative capacity. Stem Cells and Dev 2010, 1 9(4):423-438. 

8. Weiss ML, Anderson C, Medicetty S, Seshareddy KB, Weiss RJ, VanderWerff I, 
Troyer D, Mcintosh KR: Immune Properties of human umbilical cord 
Wharton's Jelly-derived cells. Stem Cells 2008, 26(1 1):2865-2874. 

9. La Rocca G, Anzalone R, Corrao S, Magno F, Loria T, Lo laconno M, Di 
Stefano A, Giannuzzi P, Marasa L, Cappello F, Zummo G, Farina F: Isolation 
and characterization of Oct-4+/HLA-G+ mesenchymal stem cells from 
human umbilical cord matrix: differentiation potential and detection of 
new markers. Histochem Cell Biol 131 (2):267-282. 

10. Troyer DL, Weiss ML: Concise review: Wharton's Jelly-derived cells are 
primitive stromal cell population. Stem Cells 2008, 26(3):591-599. 

11. De Bruyn C, Najar M, Raicevic G, Meuleman N, Pieters K, Stamatopoulos B, 
Delforge A, Bron D, Lagneaux L: A rapid, simple and reproducible method 
for the isolation of mesenchymal stromal cells from Wharton's jelly 
without enzymatic treatment. Stem Cells and Dev 201 1, 20(3):1-1 1. 

12. Guan K, Rohuedel J, Wobus AM: Embryonic stem cell differentiation 
models; cardiogenesis, myogenesis, epithelial and vascular smooth 
muscle differentiation in vitro. Cytotechnology 1999, 30(1 -3):21 1-226. 

13. Raoufi MF, Tajik P, Dehghan MM, Eini F, Barin A: Isolation and 
differentiation of mesenchymal stem cells from bovine umbilical cord 
blood. Reprod Dom Anim 201 1, 46(l):95-99. 

14. Anzalone R, Lo lacono M, Loria T, Di Stefano A, Giannuzzi P, Farina F, La 
Rocca G: Wharton's jelly mesenchymal stem cells as candidates for beta 
cells regeneration: Extending the differentiative and immunomodulatory 
benefits of adult mesenchymal stem cells for the treatment of type 1 
diabetes. Stem Cell Rev and Rep 201 1, 7(2):342-363. 

15. Carlin R, Davis D, Weiss M, Schultz B, Troyer D: Expression of early 
transcription factors Oct-4, Sox-2 and nanog by porcine umbilical cord 
(PUC) matrix cells. Reprod Biol Endrocrinol 2006, 4(6):8. 

1 6. Koch TG, Heerkens T, Thomsen PD, Betts DH: Isolation of mesenchymal stem 
cells from equine umbilical cord blood. BMC Biotechnol 2007, 7(30):26. 

17. Reed SA, Johnson SE: Equine umbilical cord blood contains a population 
of stem cells that express Oct4 and differentiate into mesodermal and 
endodermal cell types. J Cell Physiol 2007, 215(2):329-336. 



18. Hartmann I, HollweckT Haffner S, Krebs M, Meiser B, Reichart B, Eissner G: 
Umbilical cord tissue-derived mesenchymal stem cells grow best under 
GMP-compliant culture conditions and maintain their phenotypic and 
functional properties. J Immunol Methods 2010, 363(1 ):80-89. 

19. Marcus-Sekura C, Richardson JC, Harston RK, Sane N, Sheets RL: Evaluation 
of the human host range of bovine and porcine viruses that may 
contaminate bovine serum and porcine trypsin used in the manufacture 
of biological products. Biologicals 201 1, 39(6):359-369. 

20. Saleh FA, Whyte M, Genever PG: Effects of endothelial cells on human 
mesenchymal stem cell activity in a three-dimensional in vitro model. 
Euro Cells Mater 201 1, 19(22):242-257. 

21 . Leisten I, Kramman R, Ferreira MSV, Bovi M, Neuss S, Ziegler P, Wagner W, 
Knuchel R, Schneider RK: 3D co-culture of hematopoietic stem and progenitor 
cells and mesenchymal stem cells in collagen scaffolds as a model of 
hematopoietic niche. Biomaterials 201 1. doi:10.1016/j.biomaterials.201 1.1 1.034. 

22. Saleh FA, Genever PG: Turning round: multipotent stromal cells, a three 
dimensional revolution? Cytotherapy 20]], 13(8):903-912. 

23. Jeschke MG, Gauglitz GG, Phan TT, Herdon DN, Kita K: Umbilical cord lining 
membrane and Wharton's jelly-derived mesenchymal stem cells: the 
similarities and differences. The Open Tissue Eng Regen Med J 201 1, 4:21-27. 

24. Corradetti B, Lange-Consiglio A, Cremonesi F, Bizzaro D: Isolation, in vitro 
culture and characterization of foetal umbilical cord stem cells at birth. 
Vet Res Comm 2008, 32(2):139-142. 

25. Uranio MF, Valentini L, Lange-Consiglio A, Caira M, Guaricci AC, Labbate A, 
Catacchio CR, Ventura M, Cremonesi F, Dell'Aquila ME: Isolation, 
proliferation, cytogenetic, and molecular characterization and in vitro 
differentiation potency of canine stem cells from foetal adnexa: a 
comparative study of amniotic fluid, amnion, and umbilical cord matrix. 
Molecular Reprod Develop 201 1, 78(5):361-373. 

26. Cremonesi F, Violini S, Lange-Consiglio A, Ramelli P, Ranzenigo G, Mariani P: 
Isolation, in vitro culture and characterization of foal umbilical cord stem 
cells at birth. Vet Res Commun 2008, 32(1):S139-S142. 

27. Lovati AB, Corradetti B, Lange-Consiglio A, Recordati C, Bonacina E, Bizzaro D, 
Cremonesi F: Comparison of equine bone marrow-, umbilical cord matrix and 
amniotic fluid-derived progenitor cells. Vet Res Commun 201 1, 35(2):103-121. 

28. Lange-Consiglio A, Corradetti B, Rutigliano L, Cremonesi F, Bizzarre D: In 
vitro studies of horse umbilical cord matrix-derived cells: from 
characterization to labeling for magnetic resonance imaging. The Open 
Tissue Eng Regen Med J 201 1 , 4:1 20-1 33. 

29. Lange-Consiglio A, Corradette B, Bizzaro D, Cremonesi F: Horse amnion: a 
source of mesenchymal (AMSC) and epithelial stem cells (AESC). Reprod 
Fertil Dev 2010, 22(2):349-350. 

30. Toupadakis CA, Wong A, Genetos DC, Cheung WK, Borjesson DL, Ferraro GL, 
Galuppo LD, Leach JK, Owens SD, Yellowley CE: Comparison of the 
osteogenic potential of equine mesenchymal stem cells from bone 
marrow, adipose tissue, umbilical cord blood, and umbilical cord tissue. 
Am J Vet Res 201 0, 71 (1 -2):1 237-1 245. 

31. Khatri M, O'Brien TD, Sharma JM: Isolation and differentiation of chicken 
mesenchymal stem cells from bone marrow. Stem Cells Dev 2009, 18 
(10):1 485-1 492. 

32. Schwarz C, Leicht U, Rothe C, Drosse I, Luibi V, Rocken M, Schieker M: 
Effects of different media on proliferation and differentiation capacity of 
canine, equine and porcine adipose derived stem cells. Res Vet Sci 201 1. 
doi:l 0.1 01 6/j.rvs201 1.08.010. 

33. Li L, Bai X, Gong X, Liu H, Chen L, Guan W, Ma Y: Differentiation potential 
of bone marrow mesenchymal stem cells in duck. J Gent Genomics 2009, 
36(3):133-140. 

34. Sanchez-Ramos JR: Neural cells derived from adult bone marrow and 
umbilical cord blood. J Neurosc Res 2002, 69(6):880-893. 

35. Mitchell KE, Weiss ML, Mitchell BM, Martin P, Davis D, Morales L, Helwig B, 
Beerenstrauch M, Abou-Easa K, Hildreth T, Troyer D: Matrix cells from 
Wharton's jelly from neurons and glia. Stem Cells 2003, 21(2):50-60. 



doi:1 0.1 1 86/1 472-6750-1 2-18 

Cite this article as: Cardoso et al.: Isolation and characterization of 
Wharton's jelly-derived multipotent mesenchymal stromal cells obtained 
from bovine umbilical cord and maintained in a defined serum-free 
three-dimensional system. BMC Biotechnology 20]2 12:18. 



